Abstract Many of quality approaches are described in hundreds of textual pages (see CMMI, SPICE, Enterprise SPICE, ITIL among others). Manual processing of information consumes plenty of resources. In this report we present a text mining approach applied on CMMI -one well known and widely known quality approach. The text mining analysis can provide a quick overview on the scope of a quality approaches. The result of the analysis could accelerate the understanding and the selection of quality approaches.
Introduction
As we discussed in [1] , there are several solutions for choosing quality approaches. Unfortunately, these are not often updated to include new (and new versions of) quality approaches, therefore evolvement of easily usable quantitative techniques could fill an important gap in understanding focus of quality approaches by providing a quick overview on the quality approaches to be used. The application of quantitative tools could serve a good starting point especially in applying longdescribed quality approaches such as CMMI, ITIL, SPICE or Enterprise SPICE. In this report we present preliminary results of applying a text mining on software quality models and standards.
According to [2] , we call each software quality standard, method, technique, model and (improvement) framework to improve software processes software quality approach.
In this report we apply only some of the basic text mining techniques: such as tokenization, stopwords filtering, world stemming, truncation and canonization. The application of N-gramms and further more advanced text mining techniques are not included into this report. Previously, we analysed structure and elements of 7 different process based software quality approaches in [1] and some other versions in [3] , [4] . However, quantitative analysis quality approaches were not provided and are not common in the literature, even though these could contribute to better understanding and processing and even in comparison [5] of quality approaches [6] , [7] . Preliminary complexity analyses were presented in [1] , [8] - [13] . These investigations of quality approaches are mainly focusing on cross-references and interrelations inside quality approaches (among their elements or element instances). In this report we present preliminary results of applying text mining techniques on CMMI [11] , [14] . In section 2 we briefly present the text mining approach, in section 3 the text mining is presented. Section 4 describes preliminary results of the analysis. Limitations of this work are discussed in 5 and conclusion is included into 6.
Approach
In this chapter we present our approach of applying a simple text mining technique on CMMI. This approach is general and can be applied to any document and thus to other quality approaches. The current version of CMMI, v1.3 defines 3 constellations: CMMI for Development [16] , CMMI for Services [17] and CMMI for Acquisition [18] . Figure  1 presents a summary of CMMI versions 1.1-1.3, constellations and their elements, showing that constellations have about 400-500 pages each, and version 1.3 has 1440 pages in total. Standards such as SPICE, Enterprise SPICE, and TMMi among others have similar size. The amount of information in these standards makes it difficult to understand and apply them; therefore in this report we show preliminary results of analysing CMMI from text mining perspective.
In order to get an overview about the most frequent words in CMMI we defined and performed the following steps: 1. Selecting and filtering relevant document parts to be analysed 2. Analysing relevant documents a) Removing useless document parts b) Tokenization c) Filtering stopwords d) Transforming canonization e) Truncation 3. Understanding results
For complexity analysis we used a free text mining tool Rapid Miner [19] . Figure 2 shows a generic process for analysing documents with a text mining tool.
Performing text mining on CMMI
In this section we address steps defined in section 2. Figure 2 summarizes the steps performed (screenshot from RapidMiner -the tool used for text mining). 2b Tokenization -Tokenization can be performed in two ways: (1) by single words and (2) by N-grams (expressions including multiple words). In this quick search we primarily focused on single word-count analysis. 2c Filtering stopwords We found that several words are common in documents and could mislead the result of text mining. These are called stopwords in text mining. Such words were: page (appeared on each page of each document), "this", "that" among many others. For filtering stopwords we used two dictionaries: a) A generic English dictionary included in the tool [19] , b) An additional self-defined dictionary for filtering further common, but irrelevant words. We considered irrelevant those common words which have no connection with the topic (e.g. this, that, etc.) 2d) Transforming canonization -in order to avoid different counting of upper and lower case words we transformed all words to lower case. 2e) Truncation -several words and expressions are present in documents in various forms (e.g. work, working), therefore in order to achieve a clear view, a truncation of words can be performed. For truncation we used two well-known algorithms Porter and Snowball, which gave similar results. Results suggest that CMMI is not a clearly specific quality approach but it is a more widely applicable one. It is also seems that CMMI is highly process oriented quality approach (which is clearly stated in the model). Going through the first 30 words and trunks it can be observed that the focus might also be on organization, management, performance, suppliers, training, risks, planning and measurement.
Preliminary results
It is important to mention that preliminary results presented here show rather a feasibility of such a quick text mining analysis than a decent and tested result, thus further investigation is needed.
Preliminary results show that text mining tools could be used in practice in understanding focus and selecting quality approaches.
Limitations
Here we summarize limitations of the approach presented in this report.
The three constellations of CMMI contain core process areas which appear in all the three documents. These were duplicated and duplications were not filtered. A later sentence duplication analysis of CMMI showed hundreds of sentence duplications across CMMI constellations -these duplications should be filtered and counted only once. CMMI contains expressions which contain process, project and work (e.g. process area, work product, project planning, project monitoring and control) -these expressions (or N-grams) influence search results and must be taken into account.
Limitations of this initial quick search show that the text mining process should be chosen carefully and should be developed systematically. Both results and limitations motivate further research of applying text mining on quality approaches. The approach presented in this report needs further validation, especially in order to strengthen external validity: it would be needed to perform the same text mining approach on further quality approaches and possibly to combine with more advanced text mining techniques. Another validation and further research would be needed on the meaning and usage of most and less frequent words, stems and N-gramms.
Both results and limitations motivate further research of applying complexity analysis on quality approaches.
Conclusion
Limited number of literature deals with the quantitative analysis of quality approaches, despite that this can be useful when understanding scope of the quality approaches. Data mining tools and basic algorithms are already available for text mining. In this report 1 we presented preliminary results of applying basic text mining techniques with the goals of understanding the scope of CMMI. The CMMI was chosen as a widely known and accepted quality approach, however further versions of same techniques may be applicable to other quality approaches.
Meaning and usage of frequent and rare words, stems and expressions in quality approach element instances require further research and validation. This could be achieved through the analysis of further quality approaches and refinement of the techniques applied. Concepts presented in this report can also be used in building and refining automated software quality tools such as the Quality Organizer [23] or HProcessTool [24] .
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